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Abstract 
The heating effect produced by a focused ultrasound transducer has been investigated by using visual techniques with a 
positioning system. Ultrasound power, distance, frequency and harmonics of heating effect was investigated. Three experiments 
were performed on TMM (Tissue Mimicking Material), sheep liver and sheep lung. HIFU (High Intensity Focused Ultrasound) 
transducer with a resonance frequency of 1.1 MHz and 3.3 MHz was used as source. Effect of ultrasound in liver and lung’s 
pieces were displayed and dimension of cauterization has been measured. Previous temperature measurement results for TMM 
were compared with liver and lung measurement results so that it is possible to transfer the laboratory measurements to the 
clinical studies. All measurements were carried out in the system at TÜBøTAK UME (The Scientific and Technological Research 
Council of Turkey, the National Metrology Institute) Ultrasound laboratory. 
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1. Introduction 
HIFU transducer can produce up to a few hundreds of Watts power in MHz frequencies depending on the applied 
electrical power. This much power can burn the tissue. Therefore, HIFU is used as a new tool and novel technique in 
cancer therapy in medicine. HIFU is a medical treatment system that applies a high-intensity focused ultrasound 
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energy in order to heat and destroy diseased/damaged tissues through ablation locally. Therapeutic ultrasound 
techniques especially in cancer treatment need to be supported by metrological tools in order to establish the safe 
use of ultrasound. 
In order to determine the accurate thermal effects generated by the HIFU radiation within the propagation 
medium, it is highly necessary to conduct accurate temperature measurements. Therefore, analytical methods of 
characterization of the HIFU thermal distribution in a solid medium (such as in a TMM) are required. 
Characterization involves determination of the thermal distribution with respect to its distribution in space (spatial 
measurement) as well as its variation with time (temporal measurement) and also assessment of the lesion size. 
As an ultrasound propagates through the tissue, some part of it is absorbed and then converted to heat. For HIFU 
applications, a relatively small focus (on the order of milimeters) can be achieved in tissue. It has an elliptical shape 
in the focal zone, where the beam is longer than it is wide along the transducer axis. Tissue damage occurs as a 
function of both the temperature to which the tissue is heated and duration of the exposed ultrasound. 
There are a number of publications for its practical applications in literature by Crum et al. (2000) and Kennedy 
et al. (2003). HIFU has been applied to ablate tumors in different areas of the body including the pancreas, liver, 
prostate and breast by Leslie and Kennedy (2007) and Zhou (2011). A different approach to this subject is the 
acoustic method described by Seip et al. (1995). In this study, tissue pieces were considered as a semi-regular lattice 
of discrete scatterers separated by an average distance from each other over a region. 
2. Methodology 
HIFU (Sonic Concepts H-102) was used as the probe transducer, which transmits a continuous wave ultrasound 
signal at 1.1 MHz for fundamental frequency and 3.3 MHz for third harmonics towards the TMM and/or liver/lung. 
HIFU transducer was placed at the bottom of the water tank in dimensions of 20 cm x 20 cm x 15 cm (in depth). A 
TMM which is a crystal clear synthetic gel from Onda Corporation was used as a target. It was located on the top of 
the tank on a positioning arm and was moved along x-, y- or z-direction so that the ultrasound fields would penetrate 
inside as seen in Fig. 1a and 1d. 
For clinical practices, a piece of fresh sheep whole liver and lung were cut in 13 cm x 5 cm x 4 cm with 
approximate weight of 150 g and put into a plastic box as shown in Fig 1c. During the experiments, meat inside the 
box kept mechanically stable and HIFU was moved along x-, y- or z-direction so that the ultrasound would penetrate 
through the heated region. HIFU transducer was placed at the top of the same water tank this time. Liver/lung was 
located on the bottom of the tank. A schematic diagram and picture of the experimental setup is shown in Fig. 1d. 
Heating effect was investigated for different durations, depths, frequencies and powers. Power was switched off for 
60 s and 300 s depending on sonication times between HIFU applications. 
After HIFU applications, the liver/lung cut into equal halves, a photograph was taken with a ruler for scaling as 
seen in Fig 2. Each cauterized region looks elliptical in shapes in TMM and liver/lung. Ellipses were drawn around 
each region and scaled and measured as it can be seen in Fig. 3. In previous study carried out by Karaboce (2015), 
temperature measurements were realized by using TMM and liver with an ultra thin wire thermocouple, type IT-
24P, gauge polyurethane coated wire with polyester insulated thermocouple bead. These results were also used for 
temperature investigation.  
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Fig. 1. (a) TMM, (b,d) Schematic diagram of the measurement setups, (c) Liver and lung in boxes 
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Fig. 2. (a,b) Sonification for different durations in liver, (c,d) Sonification for different depths, (e,f) Sonification for different frequencies in liver, 
(g,h) Sonification for different powers in lung.  
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Fig. 3. Calculation of cauterization region in lung and TMM. (a) TMM, (b) Lung  and (c) elliptical volume calculation [(4ʌ/3).a.b.c, a=c in 
our case] 
3. Results 
Temperature effect in TMM, in the sheep liver and lung has been investigated under the sonification of HIFU 
transducer. For low powers, a small elliptical region was burned. For high powers, wider elliptical region was 
burned in penetration due to absorption of ultrasound power. Larger shape (and area) lesions were produced for 
higher pressure of HIFU. The biggest area lesion in lung has a dimension of 11.1 mm for a and c and 24.3 mm for b 
which corresponds to12.5 cm3 volume as seen in Fig 2a and 2b. The area of the lesion tends to move approximately 
10 mm towards transducer from low power (50 W) to higher power (80 W) of HIFU application. Results of 
temperature effect in lung are tabulated in Table 1. Temperature can easily increase to 50 ºC for 40 W of ultrasound 
power depending on the insonation time. This temperature is enough to start burning the tissues. As the temperature 
reaches to 50 °C, a spot with 2 mm in diameter was observed as seen in Fig 2c. Cauterization around the spot has an 
area of 8 mm in diameter as seen in Fig 2c. Cauterization was  accumulated in each depth up to 25 mm for each 5 
mm, producing a tube in the focus as seen in Fig 2d. For 50 W and third harmonics at 3.3 MHz, burning region is 
approximately 80 % smaller than the area for fundamental frequency at 1.1 MHz and same power as seen in Fig 2e 
and 2f. The smallest area lesion in the right side of the picture that is hardly visible as seen in Fig 2g and has a 
dimension of 1 mm width and 1.5 mm length as seen in Fig 2h. Results of temperature effect in lung are tabulated in 
Table 1. Change of cauterization regions for different powers and different durations were given in Fig 4. Total 
volume of cauterization was calculated from estimation of the full ellipse. Although the total volume of 
cauterization doubles with each 10 W increase between 50 W and 80 W, it increases linearly with sonication time 
between 5 s and 40 s. 
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     Table 1. Volume of cauterization region for different powers and different durations 
Applied 
ultrasound 
power, W 
Sonication 
time, s 
Total volume of 
cauterization, cm3 
Partial volume of 
cauterization, cm3 
 Sonication 
time, s 
Applied 
ultrasound 
power, W 
Total volume of 
cauterization, 
cm3 
Partial volume 
of cauterization, 
cm3 
50 
15 
1,6 0,8  5 
75 
0,58 0,58 
 10 0,81 0,81 
60 2,6 1,7  15 1,35 1,15  20 1,55 1,35 
70 5,6 4,6  25 1,96 1,52  30 2,16 1,74 
80 12,5 12,5  35 2,64 1,86  40 3,13 2,01 
 
a
b
Fig. 4. (a) Cauterization region change for different powers, (b) Cauterization region change for different durations 
4. Conclusions 
Temperature effect in TMM, liver and lungs were visualised and investigated. TMM is a convenient tool to 
visualize the temperature effect of ultrasound sonification. The study now turns into more quantitative than 
qualitative. No IR camera or other expensive tools were used for investigation and measurements. A small elliptical 
region was burned at low powers. A wider region was burned due to absorbtion of ultrasound power in penetration 
at higher powers. The burning region becomes smaller at third harmonic frequency compared to fundamental 
frequency. Insonation time and different powers were also compared. The area of the lesion tends to move 
approximately towards transducer for higher power HIFU applications. 50 W of ultrasound power is enough to start 
burning the tissues in 15 s. The results of this study may be used for further clinical trials. 
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